SUMMARY Salbutamol was given by the intramuscular route to children aged 3 to 16 years with an attack of asthma. Results with a dose of 8 ,ug/kg were favourable but suggested that a higher dose might be more so. 16 children thereafter were treated with 20 F±g/kg which produced a greater mean increase in peak expiratory flow rates (PEFR) without increase in side effects. This dose was then used in a double-blind crossover trial of salbutamol against a saline placebo. Half of 36 children treated with 20 Fg/kg showed rapid clinical improvement, the maximum rise in PEFR occurring within the first 5 minutes. A rise in pulse rate and occasionally a tremor were the only side effects noted. We conclude that intramuscular salbutamol 20 gfg/kg is a safe and useful initial medication in the management of the asthmatic child suffering an acute exacerbation.
turally related to isoprenaline, is a proven effective oral or inhaled medication in asthma (Riding et al., 1970) . The use of the drug given parenterally has recently received attention and Fitchett et al. (1975) reported the results of the treatment of 11 adults in status asthmaticus with intravenous salbutamol. We considered that the drug might be effective and safe given intramuscularly to children with severe bronchospasm, obviate the necessity for the rapid placement of an intravenous infusion line in a fractious ill child, and make it a possible method of treatment of the child at home by the general practioner. The latter very rarely has access to specialized apparatus required for nebulization of solutions containing bronchodilators, and the intramuscular route may also be preferable in hospitals where the application of a face mask to inhale nebulized bronchodilators may produce unnecessary apprehension in the child. We Sixteen children were treated in group 2 with open salbutamol 20 ,tg/kg. 3 were too young for reliable recordings of PEFR to be made; the mean maximum rise in PEFR for the remaining 13 children after treatment was 35 *4 ± 6 * 8 %. On clinical assessment, 9 of the 16 responded rapidly to salbutamol, so that the attack was felt to have been terminated. No child required further therapy except maintenance oral bronchodilators beginning one hour after the start of the trial, and 3 were discharged home within 4 hours of admission. Of the remaining 7 children, 4 improved slightly after the salbutamol and were treated with aminophylline suppositories (administered 30 minutes after the salbutamol) and oral bronchodilators, plus in one case ACTH. The remaining 3 children did not respond at all and were treated within 30 minutes of receiving the injection with intravenous hydrocortisone and aminophylline.
Twenty children were entered into the doubleblind trial (group 3); 10 received salbutamol as the first injection and 10 placebo. The children who were given placebo first were all given the second injection (salbutamol) but only 4 who were given salbutamol first required a placebo injection. Only 1 child was unable to co-operate in the recording of PEFR and this child came from the group who received salbutamol first and improved so much that the second injection was not given. The mean maximum rise in PEFR after salbutamol given as the first injection was 36 7 ± 6 9% (9 patients) and after placebo as the first injection 5 * 8 % (10 patients) (P = 0 005). The mean rise in PEFR after salbutamol as the second injection was 54 5 % (10 patients), but as only 4 patients were given the second placebo injection, no test of the significance of this data was done. The change in PEFR recorded by the individual children in this group of patients is set out in the Table. Ten of these 20 patients showed a marked clinical response to salbutamol after either the first or second injection and needed no further medication except maintenance oral bronchodilators. 7 children improved moderately; 2 of whom were treated only with oral bronchodilators thereafter, 3 received aminophylline suppositories, and 2 were given further salbutamol 20 ,ag/kg 60 minutes after starting the trial. The remaining 3 children required intravenous administration of aminophylline and hydrocortisone. An example of the response of one child treated in the double-blind study is given (Fig. 1) .
Of the 36 children treated with salbutamol 20 g/kg (either open or blind) in whom PEFRs were recorded 24 experienced a rise in PEFR of more than 20%. The maximum increase in PEFR occurred within 5 minutes of the injection in all but 2 cases and in these it occurred 5 to 10 minutes after the injection.
Blood gas analysis was carried out in 8 children. One child received salbutamol 8 ,tg/kg, 22 received salbutamol 20 ,tg/kg in the open evaluation, and 5 were children taking part in the double-blind trial. No significant fall in Po2 occurred in any child but 4 showed a satisfactory rise. Oxygen was not administered to any of these children. Little change in Pco2 or acid-base balance occurred.
The rise in PEFR did not appear to be related to the state of each child on admission as assessed on their admission PEFR (Fig. 3) . Neither did the response to treatment appear to be related to the prior medication received by each child. Many of these children were drawn from regular attenders at the asthma clinic and a larger proportion (23 of the 36 who were treated with salbutamol 20 ,tg/kg) had been given oral p2-receptor stimulants within 4 hours of admission. The mean rise in PEFR for the group previously treated thus was 34 ± 7%, and that of the group not so treated 38 ± 15%, a nonsignificant difference. 13 of these 36 children were on regular therapy with inhaled steroids, 2 with sodium cromoglycate (plain), and 5 with ACTH. 17 children had received aminophylline suppositories within four hours of admission. No significant difference Fig. 1 Changes in PEFR (I/min) and pulse rates in one child after administration ofsolutions A (placebo) and B (salbutamol).
between these groups and their response to treatment could be found.
The 5 was there a marked change in blood pressure in any child.
The only other side effect of salbutamol noted was tremor in 12 of the 36 children treated with 20 ,tg/kg. In only 5 was it of a marked degree, and none of the children mentioned it. No quantitation of the tremor was attempted and observations were made on the outstretched fingers of the children. Where tremor was said to be marked it was noticed to interfere with manipulations such as holding a glass of water. The pain experienced at the site of the injection was short lived and no greater than to be expected from the trauma of any injection given to a child.
The 2 children who showed only a moderate response to the salbutamol in the double-blind trial and who were given a second injection of open salbutamol 20 jig/kg 60 minutes after starting the trial (in one, 30 minutes after salbutamol and the other, 30 minutes after placebo) continued slowly to improve after the second injection. Steady clinical progress was noted with PEFR continuing to rise but without the rapid marked response reported in some of the other children to their first active injection. In one of these the pulse rate rose 12 beats per minute after the second injection but not after the first, and in the other no significant pulse rise occurred after either injection. No change in pulse rhythm or blood pressure occurred after the second injection and a mild tremor was noted in one of the children only after the second injection.
Discussion
Our results gave evidence that intramuscular salbutamol is an effective tool in the treatment of acute severe bronchospasm. A dose of 20 jug/kg produced a rapid response in 21 of the 36 children and no further acute treatment was necessary.
We have no parallel group treated with subcutaneous adrenaline with which to compare these results but we think that the salbutamol would compare favourably. Moreover, the specific fl2-adrenergic effect of salbutamol reduces its cardiotoxic potential as compared with adrenaline, though salbutamol did produce tachycardia in many children, albeit without arrhythmia or change in blood pressure. Potential cardiotoxic effects have also been ascribed to aminophylline (Lancet, 1973 ) and this danger is greater when the patient is hypoxic, as are many asthmatic children, so that salbutamol seems to be preferable.
We cannot explain why so many children who had previously received oral fl2-adrenergic agonists responded so well to intramuscular medication, and could not isolate any group of patients who could be designated probable responders before treatment. However, the rapidity of response to treatment (within 5 minutes of the injection) and the relatively painless nature of the injection, plus the low incidence of toxic effects (tachycardia and occasional tremor only) make intramuscular salbutamol a possible first line of treatment in all children suffering an acute exacerbation of asthma. It would also make it a possible domiciliary method of treatment in general practice. We did not attempt to determine the duration of action of this form of treatment as we were only studying the potential of intramuscular salbutamol for inducing a remission in the asthmatic attack. We have, however, found it safe and effective to treat all children who have responded to intramuscular salbutamol with oral bronchodilators given 60 minutes or more after the administration of the salbutamol, and those children who have failed to respond to the intramuscular salbutamol with steroids and/or aminophylline (rectally or intravenously), given 30 minutes or more after the salbutamol.
